Thin films consisting of self-assembled chromophoric superlattices exhibit very large second-order nonlinear responses ͓ (2) ͔. Using such films, a ''static'' diffraction grating is created by the interference of two coherent infrared beams from a pulsed yttritium-aluminum-garnet laser. This grating is used to switch the second-harmonic and third-harmonic ''signal'' beams ͑generated from the fundamental ''pump'' beam or mixed within the chromophoric superlattice͒ into different channels ͑directions͒. Ultrafast switching response as a function of the time overlap of the pumping beams is demonstrated. It is suggested that such devices can be used to spatially and temporally separate signal trains consisting of pulses having different frequencies and arrival times. Organic molecule-based photonic materials represent a promising direction in the scientific quest to develop optoelectronic modulators with greatly enhanced speed for high capacity/bandwidth optical data networks. [1] [2] [3] In this quest, the development of efficient synthetic approaches for the rapid assembly and structural modification of photonically functional superlattices, with improved electro-optical properties on solid surfaces is of interest and potential utility. 4 -7 At present, studies of such structures are largely limited to their microstructural and basic optical properties. 4 -7 In this report, we describe a frequency-selective, ultrafast opticalswitch utilizing the very large second-order nonlinear response of these chromophoric self-assembled superlattices ͑SASs͒.
The SAS films were fabricated on a glass substrate by a two-step assembly technique 6,7 using a reactive siloxanefunctionalized azo-benzene chromophore. This streamlined, thin-film single reactor process results in structurally regular multilayers with each subunit ͑ϳ3.2 nm thick͒ deposited uniformly from solution, shown in Fig. 1 . The measurements were performed on a thin film consisting of 20 bilayers. This film has a large second-order nonlinear response 8 ͓
ϳ180 pm/V at ϭ1064 nm], which is discussed elsewhere. 6, 7 The interferometric apparatus used to perform the present experiments is shown in Fig. 2 . The p-polarized 1064 nm output from a pulsed Nd: yttritium-aluminum-garnet ͑YAG͒ laser is used as the pumping beam to create a quasistatic grating based on the large second-order nonlinear response. The 532 nm second harmonic light signal, generated within the film or accompanying the incoming pump beam, is switched by this laser-induced grating.
The stage, which is derived from a General Electric diffractometer, is computer-controlled and internal gear driven to give precise /2 scans, down to 0.05°increments. The incoming beam is divided with a beam splitter, indicated as BS in Fig. 2 , in such a way that the two beams travel the same path length, are reflected from an equal number of optical surfaces ͑involving two sets of identical mirrors and prisms͒, and meet each other at the specimen surface with the same p polarization. A translation stage ͑TS͒ in one branch is used to adjust the optical delay of one of the beams. Since the lasers have a finite coherence length, the optical path length is equalized with the translation stage so that the pulses from the two beams overlap in time.
A fiber optic bundle, installed on a computer-controlled rotation stage ͑Oriel 13049͒, was used to collect the angular dependent light emerging from the sample film. The output signal from the fiber optic is detected either by a photomultiplier tube ͑for intensity measurements͒ or by a spectrometer ͑for wavelength analyses͒. The transmitted fundamental beam at 1064 nm is eliminated by filters set between the sample and the fiber optic. A portion of the 532 nm green light, which is produced within the YAG laser and propa- APPLIED PHYSICS LETTERS VOLUME 81, NUMBER 12 gates with the fundamental frequency, is deliberately retained in the incoming beams and allowed to impinge on the sample. Five output peaks, including the transmitted 532 nm beam, are observed as shown in Fig. 3 . The wavelengths contained in each peak are analyzed by a Spex 500 spectrometer and are indicated in the figure. The polarization state of the diffracted signal is also p polarized. The interference electrical field, introduced by the two infrared beams, is given by where k is the incident wave vector at the fundamental frequency, x is the in-plane coordinate, z is the normal coordinate, and E 0 is the field amplitude. The resulting secondharmonic polarization consists of three parts where the first part represents second-harmonic generation which, together with the transmitted 532 nm signal beam, results in the two side 532 nm peaks accompanying the fundamental shown in Fig. 3 . The second term generates the static grating, referred to earlier; it is independent of time but varies sinusoidally with position, having a period of k grating ϭ2k sin , where is the angle of incidence ͑measured from the normal͒. This grating can diffract any incident frequency above its cutoff. The third and fourth terms give a dc component in the polarization, which is not of interest here. The in-plane component of the wave vector of the incident green beam, including the second-harmonic signal generated inside the film is diffracted to the central position, as shown in Eq. ͑3͒:
In addition, the third harmonic, primarily generated by mixing the incoming fundamental and second harmonic within the film itself, is also diffracted to the two positions shown in Fig. 3 . The laser induced refractive index change of ⌬n can be expressed as 9,10
where is the dielectric constant. With the large secondorder nonlinear response from the thin film and by focusing the laser beam tightly, we can obtain a laser-induced refractive index change of ⌬nХ0.1.
To estimate the diffraction efficiency, a piece of y-cut quartz is inserted in one of the incoming pump beams and rotated in-plane to modulate the amplitude of the incident green beam, while keeping the beam in the other arm fixed as the reference. The change of the fundamental beam intensity is negligible due to the low conversion ratio and the small angular dependence, resulting from the Fresnel equations and the index of refraction of quartz. The center output beam intensity changes in proportion to the change of the input green light intensity. The relative intensities are shown in Fig. 4 . The incident green changes between 491 and 336 in relative units. Accordingly, the center-diffracted green peak is observed to change between 161 and 130, which translates to a 20% diffraction of the incident beam. Figure 5 shows the dependence of the output signal in- tensity on the quartz orientation. The 532 nm contamination light from the laser has been eliminated by a filter to guarantee that all the emerging 532 nm light originates only from second-harmonic generation in the quartz and inside the film itself. The angular dependence of the second-harmonic intensity from quartz has been studied widely. 11, 12 In Fig. 5 , the squares represent the zeroth-order ͑direct transmitted green light͒, and the circles show the first-order diffracted beam ͑central green light͒. The curve was fitted, as shown in the graph, yielding a 20.9% diffraction ratio. Note that the central green output signal intensity corresponds, roughly, to 20% of the sum of the two transmitted peak intensities, confirming that the central output is the first-order diffraction of the 532 nm input signal by the laser induced static grating.
The concept of using a laser-induced grating to constitute an optical switch has been realized earlier using a photochromic dye as a photorefractive medium. 13, 14 However, due to the slow response of the photochromic dye, it can only switch in a time of ϳ10 Ϫ6 s. In contrast, the (2) response is much faster, and the switching speed in the present case is limited by the YAG laser itself which has a pulse width of 35 ps. Although the detailed time response needs further study, this experiment demonstrates that the response occurs only within the pulse duration of 35 ps. The response as a function of the pulse overlap was scanned using the translation stage in Fig. 2 . We find that the 532 nm output of the central peak disappears when the relative optical delay between the two arms is greater than 50 ps ͑ϳ 1.5 cm͒.
From the diffraction Eq. ͑3͒, it is clear that a signal of arbitrary frequency can be switched and that different frequencies are switched to different angles. Hence, if the incoming beam consists of several discrete frequencies, each of these will emerge from the switch at a different angle. Furthermore, signals arriving at different times can be distinguished in times of order picoseconds. Note that the fact that a two-dimensional dynamic grating is formed, which redirects all input frequencies, rather than a three-dimensional grating, which must satisfy the Bragg equation ͑which for a given input angle scatters only a single frequency in first order͒ rests on having a film thickness less than or on the order of a wavelength. Hence, the utility of the device for separating a variety of frequencies ͑as in the case of wavelength division multiplexed transmission͒ requires thin films with a very large (2) , a property of SAS films. Though we demonstrate here that the SAS film can efficiently switch the signal beam at optical wavelengths, further work is needed to optimize the switching efficiency at communication wavelengths, i.e., 1.3 or 1.55 m.
In summary, the interference of two coherent infrared beams from a pulsed YAG laser can create a ''static'' diffraction grating of relatively high amplitude in a thin organic chromophoric film having a very large second-order nonlinear response. It was demonstrated that this grating will switch second-harmonic and third-harmonic signals accompanying the incoming beam to different channels, although the device is not limited to harmonics of the pump beams. A 20% diffraction efficiency is observed. We also observe frequency-selective ultrafast switching response as a function of the time overlap of the pumping beams. 
